
wA Q7 IMVV v'WVP TTS Copy rOR RPrOD•T70Q 'PTMInqp

AD-A268 841JTATION PAGE o-,,4 oW,.I ~~~ ~ ~ M I~ll for roinotraa 1Ww1 ev's "to11 sour " '- - " " "- - -' - -
late..atqe ~~t O '9~OME P'culq I te ~lP tC~q..q 'ltrio *or o" otiwq n am.R a ta nm~e

IKI It I00009"tt-1armt n Ud oQh•l. 0#00O• , fte•dut• on P•octf (0704415U.* wowwo. oi jOS.

_1 AT ., REPORT TYPE AND 070TES 3EE
...... ITDAI Final Report 4/01 /950-3/31 / 93 -

4. TITLE ANO SUBTITLE 5. FUNDING NUMBERS

JSEP FELLOWSHIP: FRACTAL '.OISE PROCESSES
FTNAL REPORT

6. AUTHORS) Steven B. Lowen, George W. Flynn,

Malvin C. Teich

7. PERFORMING ORGANIZATION NAME(S) AND AOORESS(ES) 8. PERFORMING ORGANIZATION
AF.pj. REPRT NUMIER

Columbia Radiation Laboratory of Columbia University'
Rm. 1001 Schapiro CEPSR
530 1. 120th St.
New York, NY 10027

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRISS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U. S. Army Research Office AFOSR - AFOSR-90-0250

P. 0. Box 12211
Research Triangle Park, NC 27709-2211

11. SUPPLEMENTARY NOTES

The view, opinions and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army
position, pc¢'Acy, or decision, unless so designated by other documentation.

12a. OISTRIBUTION / AVAILAB|UTY STATEMENT 112b. DISTRIBUTION CODE

Approved for public release; distribution unlimited 3-20271
c, .l 0, 11.1

. STRACT (Maximum 200 woras)

W r -Three fractal stochastic processes were developed and defined. Their statistical properties were
S' ,ierived, and examples were provided. Fractal shot noise (FSN), which is formed when a

homogeneous Poisson process is passed through a filter with a power-law decaying impulse
response function, was defined. For certain parameters, FSN converges to fractional Gaussian
noise, while for others it is a Levy-stable random process. The fractal shot-noise-driven Poisson
process (FSNDP), formed when FSN becomes the rate function for a second Poisson process,
was considered next. The FSNDP is a point process which has a power spectral density inversely
proportional to frequency raised to an arbitrary power (between zero and unity) for certain ranges
of parameters. Also developed, were two fractal renewal processes with power spectral densities
similar to that of the FSNDP: a standard renewal process with arbitrary power between zero and
unity, and a finite-valued, alternating renewal process where the power extends to two. Several
applications of these three processes were examined in detail.

14. SUBJECT TERMS 1S. NUMBER OF PAGES

16. PRICE CODE

17. SECURITY CLASSIFICATION 1 a. SECURITY CLASSIFICATION ill. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

Of REPORT IOF ABSTRACT

UMCASSIFIED I UNCLASSIFIED I UNCASSIFIED U
NAN 754(-01-280-5500 Stancara Form 298 (Rev 2-39)

C **fmnaff• 6V AMU S# tz3g-'1



JSEP FELLOWSHIP: FRACTAL NOISE PROCESSES

FINAL REPORT

GEORGE W. FLYNN AND MALVIN C. TEICH

FOR STEVEN B. LOWEN

MAY 31. 1993

AIR FORCE OFFICE OF SCIENTIFIC! RESEARCH

AWARD # AFOSR-90-0250

COLUMBIA RADIATION LABORATORY

OF COLUMBIA UNIVERSITY . - __,._,

APPROVED FOR PUBLIC RFLEASE 1" .;2v

K -.. .... .

DISTRIBU'TION UNLIMITED By
Dt " to,

Di" l:,,a

DTIC QZALr.2'i Z\2PECTrED 1



THE VIEWS. OPINIONS. AND/OR FINDINGS CONTAINED IN THIS

REPORT ARE THOSE OF THE AUTHORS AND SHOULD NOT BE

CONSTRUED AS AN OFFICIAL DEPARTIMENT OF THE AIR FORCE

POSITION. POLICY OR DECISION. UNLESS SO DESIGNATED BY

OTHER DOCUMENTATION.

3



Objectives

Major objectives were the definition, development, study, and application of

several fractal noise processes.

Accomplishments

Three kinds of fractal noise processes were carefully defined, and their statis-

tics exhaustively detailed. Numerous examples were considered.
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Technical Progress

They explored the behavior of fractal shot noise, for which the associated

impulse response functions assume a decaying power-law form [1). Fractal

shot noise is a stationary continuous-time process that is fundamentally dif-

ferent from fractional Brownian motion. They obtained expressions for the

moments, moment generating functions, amplitude probability density func-

tions. autocorrelation functions. and power spectral densities for a variety of

parameters of the process. For certain parameters the power spectral density

exhibits 1/f-type behavior over a, substantial range of frequencies. so that the

process serves as a source of 1/.f" shot noise for a in the range 0 < a < 2.

For these parameters they presented the first-order amplitude probability

density function. For other parameters the amplitude probability density

function is a L'vv-stable random variable with dimension less than unity.

This process then behaves as a fractal shot noise that does not converge to a

Gaussian amplitude distribution as the driving rate increases without limit.

They considered several physical processes that are well described by fractal

shot noise in certain domains: 1/f shot noise. Cherenkov radiation from a

random stream of charged particles, diffusion of randomly injected concen-

tration packets. the electric field at the growing edge of a quantum wire. and

the mass distribution of solid-particle aggregates.

Fractal shot noise may serve as the rate of a second Poisson process,

since it is nonnegative by construction: the result is the fractal-shot-noise



driven doubly stochastic Poisson point process or FSNDP [2]. They explored

the behavior of the FSNDP, for which the associated impulse response func-

tions assume a decaying power-law form. For a variety of parameters of the

process, they obtained expressions for the count number distribution and

moments, Fano factor, normalized coincidence rate. power spectral density,

and time probability densities. A number of these measures exhibit power-

law dependencies, indicating fractal behavior. For certain parameters the

power spectral density exhibits 1/f-type behavior over a substantial range

of frequencies. so that the process serves as a 1/f' point process for a in

the range 0 < a < 2. They considered two physical processes that are well

described by FSNDP: Cherenkov radiation from a random stream of charged

particles, and diffusion of randomly injected concentration packets.

1IfD noise occurs in an impressive variety of physical systems, and nu-

merous complex theories have been proposed to explain it. In addition to

the FSNDP, they constructed two relatively simple renewal processes whose

power spectral densities vary as I I.f D: 1) a standard renewal point process.

with 0 < D < 1: and 2) a finite-valued alternating renewal process, with

0 < D < 2 [3-31. The resulting event number statistics, coincidence rates.

minimal coverings, and autocorrelation functions are shown also to follow

power-law forms. These fractal characteristics derive from interevent-time

probability density functions which themselves decay in a power-law fashion.

A number of applications were considered: trapping and charge transport in

amorphous semiconductors [3. 71, electronic burst noise. movement in sys-

tems with fractal boundaries. the digital generation of 1/f D noise, and ionic

currents in cell membranes.
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